caffeic, ferulic, and sinapic acids upon incubation of an acetone powder prepared from leaves of geranium (Geranium zonale cv. "Paul Crampel") with UDPG at pH 8.4 and 37". No esters were detected at pH 5.7 or 7.4, but esters were formed in small quantities at pH 9.4 and 10. 4 . No glucosides were formed from the hydroxycinnamic acids in this experiment.
Sweet clover (Melilotus alba Desr.) plants of the CuCu genotype contain large amounts of o-coumaric acid glucoside and coumarinic acid glucoside, the trans-and cis-isomers, respectively, of /I-D-glucosyl-o-hydroxycinnamic acid.1° Experiments with sweet clover 1 1 3 l2 and Hierochloe odorata l3 have shown that when o-coumaric acid is administered to these plants in vivo it is rapidly converted to its P-glucoside. Kosuge and Connll referred to unpublished observations which indicated that the synthesis of o-coumaric acid glucoside occurred in reaction mixtures containing o-coumaric acid, UDPG, and a cell-free extract from white sweet clover shoots. Further information about the enzymatic catalysis of this reaction has not been found in the literature to date.
RESULTS AND DISCUSSION

Zdentz2cation of the Product of the Reaction
Crude enzyme preparation (0.4 ml) was incubated with 0-756 pmoles o-coumaric acid+ 14C (sp. act. 0.091 pclpmole), 2.0 pmoles UDPG, 50 pmoles KH2P04 buffer, and 25 pmoles jl-mercaptoethanol in a total volume of 2.0 ml at pH 7.4 for 4 hr at 30' . The reaction was stopped by adding 2 ml methanol. The resulting suspension was centrifuged to remove the precipitate and the supernatant fraction was reduced to a small volume under a stream of air at room temperature. This concentrated solution was examined by paper chromatography and found to contain, in addition to free o-coumaric acid, a radioactive spot with Rfidentical to authentic o-coumaric acid glucoside in 2% acetic acid (Solvent A), n-propanol-conc, NH40H-H20 (8 : 1 : 1, v/v/v) (Solvent B), andn-butanol-glacial acetic acid-H20 (4: 1 : 5, v/v/v, upper phase) (Solvent C). When the chromatogram was sprayed with emulsin (5 mg/ml), a fluorescent spot appeared corresponding exactly with the radioactive spot. The color of the fluorescence appeared identical to that of o-coumaric acid. The residual o-coumaric acid, and the spot tentatively identified as o-coumaric acid glucoside, were the only radioactive peaks detected on the chromatogram with the exception of one very small peak. This small peak was later shown to occur as a result of a nonenzymatic reaction between o-coumaric acid an4 probably, P-mercaptoethanol. Under the standard assay conditions the nonenzyrnatic reaction was not detected.
To determine whether the glucose ester of o-coumaric acid was a product of the reaction, mixtures with increased o-coumaric acid, UDPG and enzyme levels were incubated at pH 7.5 and 8.3. The reaction products were examined by paper chromatography. Spraying with emulsin revealed only one spot with the fluorescence of o-coumaric acid. Emulsin would be expected to hydrolyze both the glucose ester and the /3-glucoside of o-coumaric acid.14 To determine if the ester could be a minor product that did not separate from the glucoside with the solvents used, portions of the reaction mixtures were streaked on Whatrnan No. 3
paper and developed in solvent B alongside authentic o-coumaric acid glucoside. The band corresponding to the glucoside was eluted and the absorption spectrum determined over a range of 230-350 nm in 0.05 N HCI and 0.05 N NaOH. Although there was considerable contamination as evidenced by high absorption at the lower wavelengths (250 nm and shorter), the A, , , of the eluates corresponded exactly with that of authentic o-coumaric acid glucoside. Furthermore, the spectra of the eluates showed the same characteristic hypsochromic shift as the authentic o-coumaric acid glucoside sample with change from acid to alkali conditions. There was no indication of the bathochromic shift typical of cinnamic acid esters on changing from acid to alkali conditions.14 The participation of coumarinic acid or its glucoside was investigated by using an incubation mixture in which standard assay volumes were multiplied by four. For this experiment the crude enzyme preparation was precipitated with (NH4)2S04 (40-60 % sat.), and the precipitate was washed with (NH4),S04 (70 % sat.) to remove the endogenous o-hydroxycinnamic acid compounds. The samples were assayed for o-coumaric and coumarinic acids and their glucosides. No free or glucosidically bound coumarinic acid was detected over a 4-hr incubation period. Decrease in content of o-coumaric acid corresponded almost exactly with the increase in the content of o-coumaric acid glucoside (Fig. 1) . 
Properties of the Enzyme
Efect of pH. The optimum pH of this reaction was 7.6-8-3 (Fig. 2) . The rate of reaction dropped sharply on the alkaline side indicating probable inactivation of the enzyme. Below pH 6.0 considerable nonenzymatic loss of o-coumaric acid was observed, particularly in acetate buffers. This loss is thought to be due to the reaction of o-coumaric acid with 13-mercaptoethanol. The nonenzymatic reaction was not detected over the rest of the pH range.
Efect of enzyme concentration and duration of reaction. Preliminary experiments had shown that a large excess of UDPG was needed for maximum reaction rate with the crude enzyme preparations. To reduce the consumption of UDPG, standard assay conditions were chosen in which the substrate (0-coumaric acid) concentration was considerably below the saturation level. Within the range of 0.2 to 0.8 mp mole of o-coumaric acid consumed per minute the reaction rate was proportional to the amount of enzyme preparation added. The reaction was linear with time up to 20 min after addition of the enzyme. Effect of suEfhydryI compounds. The effect of /3-mercaptoethanol on the enzyme velocity is shown in Fig. 3 . The plateau was not reached until substantial quantities of /3-mercaptoethanol were added. If /3-mercaptoethanol was left out of the buffer used in making the enzyme preparation, no enzyme activity was detected in the extract. Attempts were made to replace the /3-mercaptoethanol used in the standard assay with equal concentrations of other reducing compounds. Ascorbic acid and glutathione were completely ineffective and cysteine was approximately equal to /3-mercaptoethanol in effectiveness. Inhibitors. Of the metal ions tested, Cu++ (CuC12) and Zn++ (ZnS04) at lW3 M final concentration inhibited the enzyme 63 and 77 per cent respectively. Hgf+ (HgC1,) and Ag+ (Ag2S04) at M concentration were ineffective, probably due to the reaction of these ions with the excess /3-mercaptoethanol in the reaction mixture. Ethylenediaminetetracetic acid tetrasodium salt (EDTA) at 4 x lop3 M final concentration was not inhibitory, but sodium citrate at the same concentration inhibited the enzyme 37 per cent. o-Coumaric acid glucoside was not inhibitory at 8 x lop4 M final concentration.
SyeciJicity. Enzyme specificity has not been investigated in detail, but in incubation mixtures containing coumarinic acid-/3-14C (c0umarin-3-'~C dissolved in 0.05 N NaOH) as the substrate, coumarinic acid glucoside was not detected.
Trans-o-hydroxycinnamic acid glucosylation in cell-free extracts of Melilotus alba 1317 Enzymestability. The enzyme preparations lost glucosylating activity rapidly when stored. This lability has hampered attempts to purify the enzyme. Storage at 4' resulted in loss of all enzyme activity in 1 or 2 days. Freezing resulted in 100 per cent loss in activity and dialysis overnight inactivated the enzyme. Fresh plant samples could be ground in liquid nitrogen and stored in the freezer without apparent loss of activity. Some acetone powder preparations possessed enzyme activity, but others did not.
Discussion
The probable function of this enzyme in vivo is the glucosylation of o-coumaric acid and possibly other phenols. In recent years several phenol glucosylating enzymes have been reported from plant as well as animal tissues. These were briefly reviewed in the introduction. All of these enzymes share a characteristic lability and have been only partially purified and characterized. The o-coumaric acid glucosylating system in sweet clover has the advantages that a sensitive quantitative assay is possible and the system utilizes a natural substrate. Furthermore, the glucosylation by this enzyme of o-coumaric acid but not coumarinic acid fits into the general pathway of coumarin biosynthesis.15
Sweet clover plants of cucubb genotype were used in this study. The derivation, attributes, and culture of this genotype have been described.16
Enzyme Preparations
Crude enzyme preparations were made by grinding with sand plant tissue in cold 0.1 M Tris-HC1 buffer, pH 8.0 (10 ml/g), containing 0.15 M 8-mercaptoethanol and 1 % Polyclar AT. Further dilution before centrifugation was made with the same buffer minus the Polyclar AT. For very young leaves this dilution was tenfold. The homogenates were centrifuged at 20,000 g for 15 min at 0" and supernatant fractions assayed immediately. These fractions contained more than 90 per cent of the total activity detected.
Assay Procedure
The activity of the enzyme was determined by measuring the decrease in content of o-coumaric acid in the reaction mixture during a measured time period. The reaction mixture contained enzyme, 0.05 pmole ocoumaric acid, 1.0 pmoles UDPG, 115 pmoles Tris buffer, pH 8.0, and 85 pmoles P-mercaptoethanol in a total volume of 2.5 ml. The reaction mixture was incubated in open test-tubes at 30", and 0.5 and 15.5 min after addition of the enzyme 0 5 m l aliquots were withdrawn and pipetted into 4.5 ml of 2.5 N NaOH to stop the reaction. o-Coumaric acid content was determined using the fluorometric assay of Haskins and Gorz.1°
Reagents
The o-coumaric acid-P-14C (sp. act. 0.091 pc/pmole) was prepared from coumarin-3-1% by the following procedure. The coumarin-3-14C (1.9 mg) was dissolved by mild heating in 2.0ml2.5 N NaOH and this solution was diluted to 10 volumes with H20. The resulting solution was irradiated with U.V. light (360 nm) for 2 hr, acidified to pH 2.0 with 2 and 0.2 N HCI, and allowed to stand for approximately 5 min. It was then carefully neutralized with 2.5 N NaOH and brought to pH 8.0 with 0.05 N NaOH. It is important that the solution not be allowed to become basic enough to break the lactone ring of coumarin. The resulting solution (approximately 20 ml) was extracted with three 10-ml portions of anhydrous ether to remove the residual coumarin. The aqueous phase was then acidified to pH 2.0 with 2 N HCI and extracted with three 10-ml portions of ether to recover the o-coumaric acid. The ether phase was evaporated to dryness and the residue taken up in a small volume of 0.05 N NaOH. Yield of o-coumaric acid was 77 per cent. Examination of the product by paper chromatography in solvents A, B, C and benzene: glacial acetic acid: H 2 0 (1 : 1 : 2, v/v/v, upper phase) revealed only one radioactive spot. This spot corresponded with authentic o-coumaric acid in Rf and in color of fluorescence.
